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sor, finding that, in their measurements, and due to turbocharger geometry,
18
radiation had a small influence on the total heat flux.
19
On the contrary, Baines [12] assured that the heat transfers of greatest mag- In [13] , authors suggest that the radiation and natural convection from the 27 engine to the turbocharger are relevant but they do not quantify it, since they 28 would need further investigation. In other work [14] , the heat fluxes through 29 the turbocharger were evaluated by means of well known correlations available 30 in literature, but some of them were not described in the paper. 
Experimental tools
The measurement on turbocharger test rig has been used in order to adjust 48 the proposed model. Figure 1 shows the layout of a continuous air flow test
49
bench [10] . It is composed by the following parts:
50
• A screw compressor with a maximum mass flow capacity of 0.2 kg · s −1 ,
51
at a maximum discharging pressure of 3.5 bar (gauge), which provides the 
57
• The mass flow is heated in parallel by five tube-type electrical heaters.
58
The flow through each of the heaters is regulated and balanced by means 59 of valves placed on the heater's inlet ports. This system can reach up to 60 720 K at the maximum mass flow rate. This hot flow is collected in a 61 plenum and conducted to the turbine inlet.
62
• After passing through the turbine, the air is cooled by means of a heat ex- 
66
• The turbocompressor sucks air from the atmosphere. The air passes first 67 through a filter and then its flow rate is measured. Downstream of the 68 compressor, there is an electronically driven backpressure valve. Here-
69
inafter compressor refers only to turbocompressor.
70
• An independent lubrication system is used to control oil flow rate, pressure
71
(by means of an oil pump and a pressure control valve) and temperature
72
(by using an electrical heater and a cooler is allowed since turbocharger is not externally insulated.
108
In this work, exposed tests will be performed in order to obtain external 109 heat transfer. 
Engine test rig

111
The test rig used to validate the proposed model in a real application, i.e.
112
mounted on an engine, is a standard engine test rig, designed for the study of The most important devices of the engine test bench are described as follows 116 and a scheme of the facility and its instrumentation is shown in Figure 2 :
117
• AC-Dynamometer, variable frequency and high response.
118
• High frequency analogical data acquisition system.
119
• Last generation test room control device and data acquisition system.
120
• Continuous smoke measurement device.
121
• Control strategies design hardware.
122
• Airflow measurement system (Hot-wire anemometer).
123
• Transient fuel-flow measurement balance.
124
• Piezoelectric and piezoresistive cooler pressure transducer.
125
• Exhaust gas analyser.
126
• Thermocouples and Thermoresistances
127
The engine is installed in a bench fixed by means of metallic beams joined 128 by screws or weldings. The structure is designed in a way that prevents the 129 longitudinal movement of the engine and makes easier the alignment with the 130 dynamometer.
131
The load rate and the engine speed are controlled by this asynchronous dy- 
Compression ratio 16
The facility is controlled automatically by a control system (PUMA V5) 
Turbochargers units
167
As it has been mentioned previously, two different turbocharger units, whose 168 main characteristics are in Table 3 has been installed on both test rigs in order 169 to perform the corresponding tests. 
where:Q r is the net heat flux due to radiation, T is the absolute temperature factor (ratio of radiation leaving the surface and reaching another).
185
The exact calculation of the view factors is possible to be performed in some 
where:
2. Between a ring and a cylinder lateral surface ( Figure 6 and equation 5)
217
Figure 6: A ring and a cylinder lateral surface [26] :
The different view factors of the simplified geometry (Figure 4 ) can be cal- 
So the view factors in the internal part of the turbocharger can be calculated one can lead to:
2. F T −H1 : The view factor between turbine and H1 nodes can be calculated 
3. F T −H2 : in this case the methodology is: composed by H1 and H2 external surfaces:
(b) Now, the view factor F T −H1+H2 can be calculated as F T −H1 with 246 different geometrical length, i.e.:
where F H1+H2−T is calculated as the view factor between a ring and H1, H2 and H3 external surfaces, so:
being:
• F H1+H2+H3−T is calculated as the view factor between a ring 255 and a cylinder lateral surface (Equations 5 and 6)
256
• the ratio between the areas is:
5. Finally, the view factor between turbine and the ambient is calculated 7) is applied:
where F T −C is already known (1 of section 3.1.1 the turbine side calcula- 
3. F C−H2 : in this case the methodology is: 277
where F H2+H3−C is calculated as the view factor between a ring and • the ratio between the areas is:
5. Finally, the view factor between compressor and the ambient is calculated 3.1.1 and points 4 and 3 in section 3.1.1 respectively), leading to:
3. Finally, the view factor between housing nodes and the ambient are cal-299 culated using the summation property (Equation 8) as:
Radiation to the ambient
301
For radiation to ambient Equation 1 is simplified to:
Then, in the case of the turbine and the compressor, the surfaces that do not 303 see the internal part of the turbocompressor (i.e,: lateral and external casings) 304 must be also taken into account. Therefore the whole radiative heat transfer for 305 these nodes can be calculated as:
In the case that one of the surfaces had a radiation shield (typical in tur- (32)
3.2. External Convection.
314
In the case of external convection, three cases are considered: free, forced 315 and mixed convection: The geometric simplification is the same that in external radiation (see Fig-318 ure 4). The calculation of the convective conductances between the ambient air 319 and each of the five metal nodes is calculated as:
The coefficient of heat transfer by free convection, h CN , is calculated from 
4.2. Adjustment external heat transfer models. Table 4 and air velocity in the benches has been imposed to 1 356 ms −1 after some measurements performed. In order to adjust the proposed external model and knowing that the most 367 significant geometrical parameter will be the Turbine external diameter, an 368 adjustment parameter of this diameter has been included:
Results of the adjustment are shown in Figure 10 where, for both turbocharg- Figure 11 shows the same data of Figure 10 but including the 378 data from engine test measurements, where a good agreement is observed. turbine external surface and, on the other, the high exposed area.
392
• In compressor side, in most of the cases, heat is absorbed by the compres- Figure 13 where the 407 most important contribution is due to ambient losses, but right bottom of Figure   408 13 shows a zoom of left bottom of Figure 13 where it is shown that the radiation 409 to compressor is quite more important that radiation to the other nodes. • In compressor side, external heat flow can be reversed, i.e. it can be lost 440 or absorved depending on the running conditions. In this side, the most 441 important seems to be the heat radiated by the turbines side but the other 442 paths can not be neglected.
443
